Background: Patients with chronic rheumatic heart disease (CRHD) have concomitant coronary artery disease (CAD), but the model to detect coexistent coronary artery stenosis prior to surgery has not been validated. Our study investigated whether the Framingham Risk Score (FRS) is a valid predictor of CAD in patients undergoing surgery for CRHD. Methods: A total of 989 rheumatic patients were enrolled between 2005 and 2010. They were subdivided into two groups according to coronary angiography (CAG) results to identify potential factors in the development of CAD. Finally, all patients were assessed using the FRS to examine the association between the 10-year cardiovascular disease (CVD) risk and CAD. Results: There were statistically significant inter-group differences in terms of age, sex, smoking, hypertension, bypass surgery and cardiac function in the New York Heart Association (NYHA) classification status (p < 0.05). We showed that the FRS had high accuracy in predicting CAD in female and male patients with CRHD. In the male group, the area under the curve (AUC) for predicting CAD was 0.904, with a specificity of 90.3% and sensitivity of 76.1%. In the female group, the AUC for predicting CAD was 0.924, with a specificity of 77.5% and sensitivity of 90.9%, respectively. With a cut-off point of a 10-year CVD risk of 12.5 (%) in the male group and a 10-year CVD risk
Introduction
Coronary artery disease (CAD) has a detrimental effect on prognosis in patients undergoing operations for chronic rheumatic heart disease (CRHD) operations. Many factors, including a history of CAD, suspected myocardial ischemia, left ventricular systolic dysfunction, one or more cardiovascular risk factors and men aged over 40 years or female patients who are postmenopausal have been recommended for coronary angiography (CAG) prior to surgery [1] . However, it is recommended that all patients with CRHD to undergo CAG because the low positive rate varies from 10.2% to 18.8% [2] [3] [4] , which increases radiation exposure, as well as the wear and tear on material in developing countries. Models have been established to predict coronary artery stenosis in patients with CRHD. Salas-Lara defined a predictive index to reliably predict cases without significant CAD in patients with RHD; however, this index could not be used to identify significant CAD [5] . Shu-Chun Li established a score system to identify low-risk patients in whom routine preoperative CAG could be avoided [6] . However, the validated approach for the evaluation of possible CAD in patients with CRHD remained uncertain. The Framingham Risk Score (FRS) has been recommended for global risk assessment in subjects who were likely to experience CAD events [7] . Therefore, we investigated the usefulness of FRS for predicting the risk of CAD in patients undergoing operations for CRHD. We also identified potential factors for CAD in patients with CRHD in an attempt to enhance the ability of FRS to assess coronary risk; the classic risk factors may not account for all coronary events.
Patients and methods

Patients
We retrospectively enrolled 989 patients from Guangdong General Hospital (Guangzhou, China) between 2005 and 2010. All of the selected patients were diagnosed as having CRHD and underwent Doppler echocardiography examination prior to surgery. Angiographically significant CAD was defined as any lesion causing at least 50% luminal stenosis in one or more major epicardial coronary arteries. The clinical and echocardiography characteristics of the enrolled participants were collected by one researcher using an electronic case report form. Exclusion criteria included patients with prior CAD or diabetes mellitus. This study was in agreement with the guidelines of the Ethics Committee of the hospital.
Framingham Risk Score
Factors including age, sex, current smoking, blood pressure, total cholesterol (TC) and high-density lipoprotein cholesterol (HDL-C) levels had previously been identified and implemented in the FRS, which was recommended for global risk assessments for CAD. Moreover, the presence of CAD risk equivalents (e.g., diabetes or atherosclerotic disease in other vascular beds), which was recognized in the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATPIII) guidelines, was excluded from this FRS study.
Diagnosis of CRHD
The diagnosis of CRVD was primarily based on the Jones criteria [8] : 1) Eligible patients could be diagnosed with a previous history of a known rheumatic fever attack; 2) The clinical diagnosis was primarily based on a pathological valvular heart murmur detected during auscultation that included mitral valve incompetence, mitral stenosis, aortic regurgitation and tricuspid regurgitation; 3) The Doppler echocardiography examination was one of the most important criteria. Typically, morphological changes of the mitral valve included leaflet thickening, subvalvular apparatus thickening, shortened chordates tendineae, commissural fusion, calcification, and restricted leaflet motion. The affected aortic valve could have thickened cusps with rolled edges.
Statistical analysis
The statistical analysis was performed with the SPSS 13.0 software program. Continuous data were presented as the means ± SD and compared using Student's t-test when the data were normally distributed; the data were otherwise compared using the Wilcoxon rank-sum test. The categorical data were presented as percentages and were compared using the χ 2 -test. The cut-off points were analyzed using receive operative characteristics (ROC). A variable was identified as a significant independent factor when the p-value was p < 0.05.
Results
Baseline characteristics of the patient population
The baseline clinical characteristics of both groups are summarized in Table 1 . A total of 90 (9.1%) patients had CAD, including 89 patients (99%) aged 50 years or older and only 1 patient (1%) aged younger than 50 years. There were 268 (29.8%) males in the non-CAD group and 46 (51.1%) in the CAD group (p = 0.000). There were statistically significant inter-group differences in terms of smoking, hypertension, cardiac function in the New York Heart Association (NYHA) classification and bypass surgery status (p < 0.05). The laboratory findings in the non-CAD group and the CAD group were estimated glomerular filtration rate (eGFR) 88.9 ± 25.2 vs. 78.9 ± 26.7 mL/min·1.73 m 2 (p = 0.000); C-reactive protein (CRP) 2.9 (1.8, 5.0) vs. 3.6 (2.0, 8.0) mg/L (p = 0.010) and total cholesterol 4.58 ± 1.06 vs. 4.92 ± 1.11 mmol/L (p = 0.025). No statistical inter-group correlations were observed in the remaining characteristics (including Doppler echocardiography, Table 2 ).
Multiple logistic regression analysis of FRS for CAD in patients with CRHD
Factors including age, sex, current smoking, blood pressure, TC and HDL-C levels had previously been identified and implemented into the FRS. We use these six variables in a multiple logistic regression analysis and found that age (OR 1.129; 95% CI, 1.084, 1.175; p = 0.000), male (OR 2.138; 95% CI, 1.119, 3.721; p = 0.007), smoking (OR 1.318; 95% CI, 0.675, 2.574; p = 0.008), and hypertension (OR 2.156; 95% CI, 1.216, 3.822; p = 0.009) were independently associated with CAD in patients with CRHD (Table 3) . Table 4 demonstrates that the FRS had high accuracy in predicting CAD in male patients with CRHD as measured using the area under the curve (AUC), which was 0.904 (95% CI, 0.862-0.945) with a specificity of 90.3% and sensitivity of 76.1%, respectively. The cut-off baseline value of 10-year cardiovascular disease (CVD) risk was set to 12.5 (%). However, in the female patients, the AUC was 0.924 (95% CI, 0.891-0.957) with a specificity of 77.5% and sensitivity of 90.9%, respectively. The cut-off baseline value of 10-year CVD risk was set to 2.5 (%) (Figures 1 and 2 ).
FRS in predicting CAD in patients with CRHD
Discussion
In this retrospective study, we investigated whether the FRS was a valid predictor to evaluate significant coronary stenosis in patients undergoing operations for CRHD. This study was the first to utilize the FRS in accurately predicting CAD in patients with CRHD pre-surgery. Moreover, our findings also demonstrated that 1) the rate of CRHD patients with CAD was low (9.1%) in southern China and that 2) the factors older age, male, smoking, hypertension, poor cardiac function as demonstrated using the NYHA classification and a high CRP level contributed to CAD. CAG is widely indicated for the detection of associated CAD when surgery is planned. Significant coronary stenosis contributes to risk stratification and could be used to determine if concomitant coronary revascularization is indicated. The European Society of Cardiology (ESC) and the European Association for Cardio-Thoracic Surgery (EACTS) practice guidelines for the management of valvular heart disease (version 2012) for pre-surgical CAG includes male patients 40 years of age or older, female patients who are postmenopausal or patients with one additional cardiovascular risk factor [1] . When we applied these guidelines to our study population, we determined that nearly all patients should undergo CAG screening coronary stenosis. Nevertheless, the incidence of CAD in patients with CRHD is very low (9.1%) in southern China, Table 5 Negative predictive value and positive predictive value of FRS in detecting CAD.
Risk category
Males, n = 314 Female, n = 675 which results in unneeded radiation exposure and wear and tear on equipment and material. To our knowledge, this was the first simple prediction model of significant CAD in patients undergoing operations for CRHD. In this study, patients with lower scores on the FRS tended to have less CAD while patients with high scores on the FRS tended to have more CAD. In the male group, the AUC for predicting CAD was 0.904, and the cut-off baseline value for 10-year CVD risk was set at 12.5 (%) with a specificity of 90.3% and sensitivity of 76.1%. In the female group, the AUC for predicting CAD was 0.924. The cut-off baseline value of 10-year CVD risk was set to 2.5 (%) with a specificity of 77.5% and sensitivity of 90.9%. Several prior studies concentrated on purely predictive clinical models of significant CAD. Gilbert J and colleagues developed a Bayesian model for perioperative cardiac risk assessment that retained its prognostic accuracy when applied to the validation sets and could be used to reliably estimate risk in this group [9] . However, it did not reliably stratify risk in vascular surgery candidates referred for CRHD. Based on established risk factor profiles including age, sex, chest pain and electrocardiographic criteria, several logistic regression and simple additive models for the prediction of possible coronary artery stenosis in pre-surgical patients have been developed [5, 6, 10, 11] . These models included different factors, and the application of these models to our patient population could be hindered due to a lack of standard baseline characteristics. The FRS came from the Framingham Heart Study, which was calculated with the serum cholesterol level or without the serum cholesterol level [12] . In this study, age, sex, current smoking, blood pressure, TC and HDL-C levels were identified to correlate with FRS, which was recommended for the global risk assessment of CAD. In the male group, with a probability of 12.5 (%) as a cut-off, the FRS was used to identify 253 low-risk patients, including 11 (4.3%) with CAD, but none of which required an indication for Coronary Artery Bypass Grafting (CABG). However, the FRS was used to identify 61 high-risk patients, including 35 (57.4%) with CAD. Among the 35 CAD patients, 20 needed CABG. Moreover, in the female group, the FRS identified 493 low-risk patients (with a probability of 2.5% as a cut-off), including 4 (0.8%) with CAD, and 182 high-risk patients, including 40 (22.0%) with CAD. Of the 40 CAD patients, 25 needed CABG (Table 5) . Thus, patients with a low risk could potentially avoid undergoing CAG prior to surgery. This finding is in agreement with Tao Yan's model [13] , which identified low-risk patients in which routine preoperative angiography could be safely avoided. Only 4 (1.2%) patients had single-vessel disease, and none had high risks for CAD. Lin's model [14] identified 210 low-risk patients, including four (1.8%) with CAD, none of whom were indicated for CABG. In comparison, our models were significantly simpler and could more easily be adapted by clinics with standard baseline characteristics.
Finally, we determined that male sex, older age, smoking, hypertension, poor cardiac function via NYHA classification and high CRP levels contributed to CAD. These conclusions were in agreement with recent findings by the ESC and EACTS practice guidelines on the management of valvular heart disease [1] , as well as those of Enver Atalar's study [15] .
We would like to acknowledge that our study has several limitations. First, this study was performed at a single center for CRHD. The size of our study population was limited, and the results should be confirmed in a RCT study. Patients with CAD risk equivalents such as diabetes mellitus and peripheral vascular diseases were excluded from this Framingham score study. CAD in patients with type 2 diabetes mellitus requires further studies. Finally, a follow-up study would be necessary to confirm the predictive power of the FRS for CAD in patients with CRHD.
Conclusions
In conclusion, for the prediction of significant CAD in patients undergoing operations for CRHD, FRS models could be used to reliably identify low-risk patients in whom routine pre-surgical angiography could be avoided; additionally, these models proved to be significantly simpler for clinical use due to standard baseline characteristics. Nevertheless, well-designed randomized clinical trials are necessary to assess the predictive power of FRS for CAD in patients with CRHD.
Conflict of interest statement
Authors' conflict of interest disclosure: The authors stated that there are no conflicts of interest regarding the publication of this article.
